Abstract. Long non-coding (lnc)RNA HAND2 antisense RNA 1 (HAND2-AS1) exhibited tumor suppression activity in different types of cancer. However, its role in cervical squamous cell carcinoma (CSCC), which is frequently diagnosed among females, has not been elucidated. The current study revealed that lncRNA HAND2-AS1 was downregulated, while Rho-associated protein kinase 1 (ROCK1) was upregulated in serum of human papillomavirus (HPV)-positive and -negative patients with CSCC compared with healthy controls. Correlation analysis revealed that the expression levels of lncRNA HAND2-AS1 were negatively correlated with the expression levels of ROCK1 in HPV-positive and -negative patients with CSCC but not in healthy controls. Downregulation of lncRNA HAND2-AS1 distinguished patients with CSCC from healthy controls. Additionally, lncRNA HAND2-AS1 overexpression led to reduced expression levels of ROCK1 in HPV-positive and -negative human CSCC cell lines but not in normal cervical cell lines. ROCK1 overexpression did not significantly affect the expression of lncRNA HAND2-AS1 in all the cell lines investigated. lncRNA HAND2-AS1 overexpression inhibited, while ROCK1 overexpression promoted the proliferation, migration and invasion of HPV-positive and -negative human CSCC cell lines but not normal cervical cell lines. ROCK1 overexpression attenuated the effects of lncRNA HAND2-AS1 overexpression on cancer cell proliferation, migration and invasion. lncRNA HAND2-AS1 may inhibit cancer cell proliferation, migration and invasion by downregulating ROCK1 in HPV-positive and -negative CSCC.
Introduction
Cervical cancer is one of the most frequently diagnosed malignancies among females, and results in >10,000 new cases and >4,000 mortalities in the United States every year (1) . Cervical cancer is considered the leading cause of cancer-associated deaths in certain African and Asian countries (2) . In spite of the efforts made to improve the treatment of cervical cancer, the 5-year survival rate in China remains <50% (3) . Cervical squamous cell carcinoma (CSCC) is the most common type of cervical cancer and accounts for >90% of the cases (4) . Human papillomavirus (HPV) infection is the major cause of CSCC (5) . Incidence of HPV-positive CSCC has been significantly reduced with the HPV infection screening program (6) . However, HPV-negative CSCC is more aggressive than HPV-positive CSCC and has an increasing incidence rate (7) .
Previous studies revealed that long non-coding (lnc)RNAs serve important roles in cancer biology (8, 9) . lncRNAs have potential diagnostic and therapeutic efficacy in certain types of malignant tumors, including lung and liver cancer (10) . lncRNA HAND2 antisense RNA 1 (HAND2-AS1) exhibited tumor suppressor effects in several types of cancer including osteosarcoma (11) and endometrioid endometrial carcinoma (12) . A previous study revealed that the HAND2-AS1 expression level in HPV-positive patients with CSCC was negatively correlated with that of Rho-associated protein kinase 1 (ROCK1), which serves an oncogenic role in cancer biology (13) . The present study demonstrated that lncRNA HAND2-AS1 may inhibit cancer cell proliferation, migration and invasion by downregulating ROCK1 in HPV-positive and -negative CSCC. Reverse transcription (RT)-qPCR. Total RNA was extracted from serum and cells using TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. Total RNA was reverse transcribed into cDNA using the SuperScript III Reverse Transcriptase kit (Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. qPCR was subsequently performed using the SYBR ® Green PCR Master mix (Thermo Fisher Scientific, Inc.) according to manufacturer's instructions. The following primers pairs were used for the qPCR: lncRNA HAND2-AS1 forward, 5'-GGG TGT TTA CGT AGA CCA GAA CC-3' and reverse, 5'-CTT CCA AAA GCC TTC TGC CTT AG-3'; and β-actin forward, 5'-GAC CTC TAT GCC AAC ACA GT-3' and reverse, 5'-AGT ACT TGC GCT CAG GAG GA-3'. The following thermocycling conditions were used: Initial denaturation at 95˚C for 1 min, followed by 40 cycles of 95˚C for 15 sec and 56˚C for 35 sec. mRNA levels were quantified using the 2 -ΔΔCq method and normalized to the internal reference gene β-actin (15) .
Materials and methods

Patients
ELISA. Serum levels of ROCK1 were measured using an ELISA kit purchased from Abcam (cat. no. ab211175) according to manufacturer's instructions. The sensitivity of this kit was 0.1 pg/ml and the assay range was 2.5-80 ng/ml. Cell proliferation assay. The Cell Counting Kit-8 (CCK-8) assay (Sigma-Aldrich; Merck KGaA) was performed to measure cell proliferation following transfection. Briefly, cells were harvested and resuspended to a cell density of 4x10 4 cells/ml. Each well of a 96-well plate was filled with 0.1 ml cell suspension and incubated at 37˚C in a 5% CO 2 incubator. A total of 10 µl CCK-8 cell solution was added into each well following 24, 48, 72 and 96 h of incubation. Cells were cultured for an additional 4 h, followed by measurement of optical density values at a wavelength of 450 nm using a microplate reader.
Transwell migration and invasion assay. Transwell migration and invasion assays were performed to investigate cell migration and invasion following transfection. Briefly, cells were harvested and cell suspensions (4x10 4 cells/ml) were prepared using serum-free EMEM. A total of 4x10 3 cells in 0.1 ml cell suspension were seeded in the upper chamber of the insert, while the lower chamber was filled with RPMI-1640 medium (Thermo Fisher Scientific, Inc.) containing 20% fetal calf serum (Sigma-Aldrich; Merck KGaA). The upper chamber was coated with Matrigel ® (cat no. 356234; EMD Millipore) prior to the invasion assay at 37°C for 6 h. Cells were cultured at 37˚C in a 5% CO 2 incubator for 12 h. Migrated and invaded cells were stained with 0.5% crystal violet (Sigma-Aldrich, Merck KGaA) for 20 min at room temperature. Cells were observed and counted under a light microscope. Five visual fields were selected for each sample to count cell number (magnification, x50).
Western blot analysis. Total protein was extracted from cells using radioimmunoprecipitation assay buffer (Thermo Fisher Scientific, Inc.) and quantified using a bicinchoninic acid assay. Following denaturation in boiling (100˚C) water for 5 min, 20 µg protein/lane was separated via SDS-PAGE on a 10% gel. The separated proteins were subsequently transferred onto a polyvinylidene difluoride membrane. Following incubation in 5% skimmed milk for 2 h at room temperature, the membranes were incubated with antibodies against ROCK1 (1:1,200; cat no. ab97592; Abcam) and GAPDH (1:1,200; cat no. ab37168; Abcam) overnight at 4˚C. The membranes were subsequently incubated with a horseradish peroxidase-labeled secondary antibodies (1:1,000; cat no. MBS435036; MyBioSource, Inc.) at room temperature for 2 h. Signal development was performed using BM Chemiluminescence ELISA substrate (Sigma-Aldrich, Merck KGaA). Data normalization was performed using ImageJ software (version 1.6; National Institutes of Health).
Statistical analysis. SPSS software (version 19; IBM Corp) was used for statistical analysis. Data were expressed as mean ± standard deviation. Comparisons among multiple groups were performed using the one way analysis of variance followed by the Tukey test. Correlations between the serum levels of lncRNA HAND2-AS1 and ROCK1 were analyzed by the Pearson's correlation test. Receiver operating characteristic (ROC) curve analysis was performed to evaluate the diagnostic value of serum lncRNA HAND2-AS1 for CSCC. P<0.05 was considered to indicate a statistical significant difference.
Results
HAND2-AS1 is downregulated and ROCK1 is upregulated in
HPV-positive and negative patients with CSCC compared with healthy controls. Serum levels of HAND2-AS1 and ROCK1 in all subjects were measured using RT-qPCR and ELISA, respectively. Compared with the control group, HAND2-AS1 was downregulated (P<0.05; Fig. 1A ), while ROCK1 (P<0.05; Fig. 1B ) was upregulated in all three groups of patients with CSCC. However, no significant differences in the serum levels of HAND2-AS1 and ROCK1 were found among the three groups of patients with CSCC.
Serum levels of HAND2-AS1 and ROCK1 were negatively correlated in HPV-positive and -negative CSCC patients but not in healthy controls.
Pearson correlation coefficient analysis revealed a reverse correlation between serum levels of HAND2-AS1 and ROCK1 in HPV-16-positive CSCC patients ( Fig. 2A) , HPV-18-positive CSCC patients (Fig. 2B ) and HPV-negative CSCC patients (Fig. 2C) but not in healthy controls (Fig. 2D) . (P<0.05), but not in HCvEpC (HPV negative) and Ect1/E6E7 (HPV positive) human cervical epithelial cell lines (Fig. 4A) . By contrast, ROCK1 overexpression resulted in no significant effects on the expression of lncRNA HAND2-AS1 in all four cell lines (Fig. 4B) .
Downregulation of lncRNA HAND2-AS1 distinguished CSCC patients from healthy controls. ROC curve analysis was
lncRNA HAND2-AS1 and ROCK1 serve opposing roles in the proliferation, migration and invasion of CSCC cells.
Compared with cells in the C group, lncRNA HAND2-AS1 overexpression significantly inhibited, while ROCK1 overexpression significantly promoted the proliferation (Fig. 5A) , migration ( Fig. 5B) and invasion (Fig. 5C ) of C-33 A (HPV negative) and SiHa (HPV positive) human CSCC cell lines (P<0.05), but not of HCvEpC (HPV negative) and Ect1/E6E7 (HPV positive) human cervical epithelial cell lines (data not shown). In addition, ROCK1 overexpression significantly attenuated the inhibitory effects of lncRNA HAND2-AS1 overexpression on the proliferation (Fig. 5A), migration (Fig. 5B) and invasion (Fig. 5C ) of cancer cells (P<0.05).
Discussion
The role of lncRNA HAND2-AS1 has been previously characterized in two types of human malignancies including osteosarcoma (11) and endometrioid endometrial carcinoma (12) . The present study revealed that lncRNA HAND2-AS1 serves a tumor suppressor role in HPV-negative and HPV-positive CSCC cells, possibly by downregulating ROCK1.
Downregulation of lncRNA HAND2-AS1 was previously reported in osteosarcoma (11) and endometrioid endometrial carcinoma (12) . Overexpression of lncRNA HAND2-AS1 inhibited the progression of the aforementioned malignancies, indicating that lncRNA HAND2-AS1 may be a potential therapeutic target for osteosarcoma (11) and endometrioid endometrial carcinoma (12) . The current study revealed that serum lncRNA HAND2-AS1 was downregulated in HPV-positive and -negative patients with CSCC compared with healthy controls. In addition, lncRNA HAND2-AS1 overexpression inhibited the proliferation, migration and invasion of HPV-positive and -negative human CSCC cells in vitro. HAND2-AS1 overexpression resulted in no significant effects on the biological behaviors of normal human cervical epithelial cells. The data obtained in the present study suggested that lncRNA HAND2-AS1 may serve as a potential therapeutic target for CSCC.
Tumor metastasis leads to high mortality rate among cancer patients. Patients with metastatic CSCC usually have a poor prognosis even following treatment (16, 17) . Therefore, early diagnosis and treatment are required to improve the overall survival rate of patients with CSCC. The present study enrolled patients with CSCC at stages I and II, which are the two early stages of CSCC. ROC curve analysis revealed that upregulated plasma lncRNA HAND2-AS1 effectively distinguished HPV-16-positive, HPV-18-positive and HPV-negative patients from healthy controls. Therefore, plasma lncRNA HAND2-AS1 may have diagnostic value for HPV-positive and -negative CSCC. However, lncRNA HAND2-AS1 expression is also altered in osteosarcoma (11) and endometrioid endometrial carcinoma (12) . Therefore, multiple biomarkers may improve the diagnostic specificity for CSCC.
ROCK1 is a protein serine/threonine kinase that serves important roles in cancer development and progression, particularly in cell motility, metastasis and angiogenesis (18, 19) . Inhibition of ROCK1 may be a promising therapeutic target for the treatment of cancer (18, 19) . ROCK1 interacts with lncRNAs to participate in the pathogenesis of certain types of malignancies, such as osteosarcoma (20, 21) . The current study revealed that lncRNA HAND2-AS1 may be an upstream inhibitor of ROCK1 in HPV-positive and -negative CSCC. The present study suggests that disease-associated factors may mediate the interaction between lncRNA HAND2-AS1 and ROCK1: i) No significant correlation between plasma lncRNA HAND2-AS1 and ROCK1 were observed in normal controls; and ii) lncRNA HAND2-AS1 overexpression did not significantly affect ROCK1 in normal human cervical epithelial cells. ROCK1 overexpression only partially attenuated the inhibitory effects of lncRNA HAND2-AS1 on CSCC cell proliferation, migration and invasion. Therefore, lncRNA HAND2-AS1 may also interact with other pathways to achieve this regulatory role. Furthermore, the data obtained in the current study suggested that HPV-positive and -negative CSCC may share similar pathological pathways.
To the best of the authors' knowledge, the current study is the first to investigate the role of HAND2-AS1 in CSCC. .05. The relative cell migration and invasion were calculated by normalizing cell number to control group, which was set to 100%. lncRNA, long non-coding RNA; HAND2-AS1, HAND2 antisense RNA 1; ROCK1, rho associated coiled-coil containing protein kinase 1; HPV, human papillomavirus; CSCC, cervical squamous cell carcinoma; C, control; NC, negative control.
The current study systemically investigated the role of HAND2-AS1 in different types of CSCC and evaluated the diagnostic value of HAND2-AS1 for CSCC. The current study provided new insights into the pathogenesis of CSCC. In conclusion, lncRNA HAND2-AS1 was downregulated and ROCK1 was upregulated in HPV-positive and -negative patients with CSCC. lncRNA HAND2-AS1 may inhibit cancer cell proliferation, migration and invasion by downregulating ROCK1 in HPV-positive and -negative CSCC.
